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Abstract of EP0572182 

A display unit of an integral input type is provided 
with a display panel (60) having a liquid crystal 
(32) as a display medium. In the display unit, an 
optical waveguide (36,73) is integrally formed in 
the shape of a matrix and substantially guides 
light having a predetermined wavelength in 
parallel with a surface of a display substrate 
(30,31,71,72,85,88). Thus, light emitted by a pen 
held by the user is guided to the periphery of the 
display substrate where photosensors are used 
to determine the position pointed at by the pen. 
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@ Display unit with integral optical input apparatus. 



@ A display unit of an integral input type is 
prnvided with a display panel (60) having a 
liquid crystal (32) as a display medium. In the 
display unit, an optical waveguide (36,73) is 
integrally formed in the shape of a matrix and 
substantially guides light having a predeter- 
mined wavelength in parallel with a surface of a 
display substrate (30,31,71,72.85,88). 

Thus, light emitted by a pen held by the user 
is guided to the periphery of the display sub- 
strate where photosensors are used to deter- 
mine the position pointed at by the pen. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a display unit of 
an Input integral type for a handwriting Input used In 
an office automation (OA) equipment and an audio 
visual device. 

2. Description of the Related Art 

Recently, requirements for a display unit having 
a large size and a large display capacity have been 
increased as an Information-oriented society is ad- 
vanced. A cathode ray tube (CRT) called the present 
king of a display is developed to satisfy these require- 
ments. The CRT is more precisely constructed and is 
iar^e-sized In development. For example, the CRT 
approximately has a size of 40 inches at Its maximum 
in the case of a direct viewing type and has a size of 
2O0 Inches at its maximum in the case of a projecting 
type. 

However, the problems of a weight and a depth 
of the CRT are more serious in realization of the dis- 
play unit having a large-sized structure and a large 
capacity. Accordingly, It is very desirable to provide a 
method for basically solving these problems. 

A plane type display unit performs a displaying 
operation using a displaying principle different from 
that of the general CRT. The plane type display unit 
Is steadily researched to provide a high display quality 
required for a high vision and a display for a high per- 
formance engineering work station (EWS) although 
the plane type display unit at the present time Is wide- 
ly used for a word processor, a personal computer, 
etc. 

For example, the plane type display unit is con- 
structed by an electroluminescent panel (ELP), a 
plasma display panel (PDF), a fluorescent display 
tube (VFD), an electronic display unit (ECD), a liquid 
crystal display unit (LCD), etc. In these display units, 
etc., the liquid crystal display unit (LCD) is most prom- 
ising in consideration of easiness of realization of a 
full color and matching with a large scale Integrated 
circuit (LSI). Accordingly, a technique of the LCD is 
most greatly advanced. 

The LCD is generally divided into an LCD of a 
simple matrix driving type and an LCD of an active 
matrix driving type. The LCD of a simple matrix driving 
type has a structure for sealing a liquid crystal Into an 
XY matrix type panel In which a pair of glass sub- 
strates are opposed to each other such that electro- 
des each formed in the shape of a stripe are perpen- 
dicular to each other. The LCD of a simple matrix driv- 
ing type performs a displaying operation by using rap- 
Id responsive display characteristics of a liquid crys- 
tal. 

In contrast to this, the LCD of an active matrix 



driving type has a structure for directly adding a non- 
linear element to a picture element The LCD of an ac- 
tive matrix driving type performs a displaying opera- 
tion by positively using nonlinear characteristics such 

5 as switching characteristics of each of elements. Ao- 
cordingly, no LCD of an active matrix driving type 
greatly depends on the display characteristics of a liq- 
uid crystal in comparison with the LCD of a simple 
matrix driving type. Accordingly, It Is possible to real- 

10 Ize a display unit providing a high contrast and a high 
speed response. 

The above nonlinear element Is divided into non- 
linear elements of two and three terminal types. The 
nonlinear element of a two-terminal type has a struo- 

15 ture of metal-insulator-metal (MIM), a diode, etc. In 
contrast to this, the nonlinear element of a three- 
terminal type has a thin film transistor (TFT), a silicon 
metal oxide semiconductor (SI-MOS), sOicon-on-sap- 
phire (SOS), etc. 

20 In view of uses of the LCD in their markets, a lap 
top personal computer and a palm top personal conv 
puter having the LCD of a simple matrix driving type 
and the LCD of an active matrix driving type are prom- 
ising as goods for extending the markets. 

25 In particular, an input device of Information is Im- 
portant in a portable information remote terminal 
such as the palm top personal computer. In this input 
device of information, a handwriting input function is 
strongly required to omit a space for a keyboard. 

30 In the general display unit, a tablet digitizer Is 
mainly arranged outside a liquid crystal panel to fulfill 
this handwriting input function so that the inputting 
position of a pen is detected by a tablet This tablet is 
constructed by an electromagnetic Induction system, 

35 an electromagnetic giving-receiving system, a resis- 
tance pressure sensitive system, an electrostatic cou- 
pling system, an acoustic system, an optical system, 
etc. 

The above-mentioned tablet detecting systems 

40 have the following problems. 

In the electromagnetic induction system, relative- 
ly high resolution can be obtained, but power con- 
sumption is large and the weight of a display unit is 
heavy and the display unit tends to be influenced by 

45 a magnetic field. 

In the electromagnetic giving-receiving system, 
relatively high resolution can be obtained, but power 
consumption Is large as a demerit. 

In the resistance pressure sensitive system, cost 

50 of the display unit is reduced in comparison with the 
other tablet detecting systems, but there is a problem 
about the uniformity of a resistance value and reso- 
lution is bad and resistor sheets tend to be damaged 
80 that durability of the display unit is bad. 

55 In the electrostatic coupling system, relatively 
high resolution can be obtained, but It is difficult to set 
an optical pen to be wireless and power consumption 
is relatively large. Further, the display unit tends to be 
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influenced by static electricity. 

in the acoustic system, tlie structure of a detect- 
ing circuit is complicated and the display unit tends to 
be influenced by a circumferential environment. s 

In the optical system, resolution of the display 
unit is bad. 

As mentioned above, it is impossible to sufficient- 
ly provide a satisfactory display unit in each of the 
above-mentioned tablet detecting systems. Further, io 
each of these tablet detecting systems is arranged in 
an upper or lower portion of a liquid crystal panel so 
that inputting and displaying positions of characters, 
etc. are shifted from each other in accordance with a 
parallax. is 

SUMI^ARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a display unit of an input integral type in 20 
which the display unit has small power consumption 
and lightweight and Is not easily influenced by a mag- 
netic field, static electricity and a circumferential en- 
vironment, and resolution and durability of the display 
unit are improved and the display unit has a detecting 2S 
circuit having a simplified structure and no inputting 
and displaying positions are shifted from each other 
in accordance with a parallax. 

The above object of the present invention can be 
achieved by a display unit of an input integral type 30 
comprises a display panel provided with a liquid crys- 
tal as a display medium and an optical waveguide in- 
tegrally formed in the shape of a matrix, the optical 
waveguide approximately guiding light having a pre- 
determined wavelength in parallel with a surface of a 35 
display substrate. 

In the above display unit, an optical waveguide is 
Integrally formed In the shape of a matrix and approx- 
imately guides light having a predetermined wave- 
length in parallel with a surface of a display substrate. 40 
Accordingly, the position of an optical pen can be de- 
tected by an inputting operation thereof. Further, the 
optical waveguide having the matrix shape can be 
formed between display picture elements so that a 
numerical aperture in display can be improved. Fur- 45 
ther, various kinds of processing circuits such as a 
handwriting position detecting circuit, a character rec- 
ognizing circuit, etc. can be integrated on a glass sub- 
strate or a silicon nu)nocrystal substrate so that a 
very compact display unit can be realized. so 

in accordance with the present Invention, in a 
general system for laminating a tablet with a display 
panel, it is possible to solve the problen^ with respect 
to thicloiess, weight and power consumption of the 
display unit, an accuracy in display position in accor- 55 
dance with a parallax, wireless of the optical pen and 
bad influences of changes in environment of magnet- 
ic and electrostatic fields on display. Accordingly, the 
present Inventbn can be widely applied to various 



kinds of office automation (OA) equipments using a 
computer such as a lap top personal computer, a word 
processor, etc. In particular, the display unit of an in- 
put integral type In the present invention can be most 
effectively used for a compact portable rsnrrate termi- 
nal such as a palm top computer, an electronic pocket 
notebook, etc. 

Further objects and advantages of the present in- 
vention will be apparentfrom the following description 
of the preferred embodiments of the present Inven- 
tion as illustrated In the accompanying drawings. 

BRIEF DESCIRIPTION OF THE DIRAWINGS 

Fig. 1 isa view showing a tablet of an electromag- 
netic induction system; 

Fig. 2 is a view showing a tablet of an electromag- 
netic giving-receiving system; 
Fig. 3 is a view showing a tablet of a resistance 
pressure sensitive system; 
Fig . 4 is a view showing a tablet of an electrostatic 
coupling system; 

Fig. 5 is a perspective view showing a display unit 
of an input integral type in accordance with one 
embodiment of the present Invention; 
Fig. 6 is a cross-sectional view for explaining a 
switching element; 

Figs. 7a and 7b are views showing liquid crystal 
panels; 

Figs. 8a and 8b are views showing another liquid 

crystal panels; 

Fig. 9 is a perspective viewshowing a display unit 
of an input integral type In accordance with an- 
other embodiment of the present invention; 
Fig. 10 is a view showing one example of the ba- 
sic structure of an optical pen; and 
Fig. 11 Is a block diagram showing one example 
of a device for recognizing a handwritten charec- 
ter. 

DESCRIPTION OF THE PREFERRED 
ElVIBODIMENTS 

The preferred embodiments of a display unit of an 
input integral type in the present invention will next be 
described In detail with reference to the accompany- 
ing drawings. 

Fig. 1 shows one example of a tablet of an eleo- 
tromagnetic Induction system. 

As shown In Fig. 1 , the tablet is constructed by a 
conductive pattern 1 and an exciting or cursor coil 2. 

When diodes 5 are sequentially turned on by an 
X-axis ring counter 3 and a Y-axis ring counter 4, a 
voltage corresponding to each of these diodes is out- 
putted fipom a common terminal M. When an alternat- 
ing current signal is simultaneously applied to the cur- 
sor coil 2, an induced electromotive force Is generated 
on a scanning line. 
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As a result, a composite wave provided by com- 
bining the turning-on voltage with the Induced elec- 
tromotive force is generated from the common termi- 
nal M. The composite wave is A/D-converted and is s 
additionally inputted to a maximum value detecting 
circuit. This maximum value detecting circuit has a 
function for detecting a maximum amplitude value of 
the composite wave. The maximum value detecting 
circuit also has a functton for selecting a larger one of io 
electromotive forces on right-hand and left-hand 
scanning lines adjacent to a scanning line corre- 
sponding to the maximum amplitude value. Thus, it is 
possible to detect a cursor position by these func- 
tions. 15 

Fig. 2 shows one example of a tablet of an elec- 
tromagnetic giving-receiving system. 

This electromagnetic giving-receiving system in- 
cludes a tablet 6, an address portion 9 connected to 
the tablet 6, a gh/ing-receiving selector 10, a sensor 20 
11 and a driver 12. The sensor 11 and the driver 12 
are connected to a controller 13 and are selectively 
connected by the selector 10 to the address portion 
9. 

An alternating current is applied onto a matrix line 25 
on the tablet 6 so that electromotive force is absorbed 
into a resonance circuit or coil 8 arranged within an 
indicator 7. At the next moment, the matrix line of the 
tablet 6 functions as a sensor and detects an electro- 
magnetic wave generated by the resonance circuit or 30 
coil 8 within the Indicator 7. 

Fig. 3 shows one example of a tablet of a resis- 
tance pressure sensitive system. 

This resistance pressure sensitive system has an 
interlocking switch 19. Two resistor sheets 14 and 15 35 
respectively have electrodes 17 and 18 and are stuck 
to each other with a clearance. The sheets 14 and 15 
come in contact with each other by applying pressure 
onto these sheets so as to generate an electric poten- 
tial. X and Y coordinates of this pressure are detected 40 
by the generated potential. Namely, a direct current 
voltage is applied to the resistor sheet 1 5 for an X-axis 
and a voltage generated by pressure in the resistor 
sheet 14 for a Y-axis is taken out so that an X-coor- 
dinate of this pressure is detected. The X and Y coor- 45 
dinates of pressure are alternately detected by apply- 
ing voltages to the sheets on the X and Y axes by time 
division. 

Fig. 4 shows one example of a tablet of an elec- 
trostatic cou pi in g system. 50 

In this electrostatic coupling system, rectangular 
waves having different phases are applied to both 
ends of electrodes 21 and 22. Positions of an optical 
pen 24 on X and Y axes are alternately detected by a 
switch 23. The pen 24 is electrically connected to a 55 
phase detecting circuit 27 through an amplifier 25 and 
a filter 26. X and Y coordinates of the pen 24 are pro- 
vided by detecting a signal phase determined by the 
position of an ITO film 28 through the pen 24. 



In a tablet of an acoustic system, the position of 
an optical pen is provided by detecting a propagation 
time of a sound wave transmitted in the air or a sur- 
face wave propagated on a tablet surface, and an ar- 
rival time of a reflected wave. 

In a tablet of an optical system, a light emitting 
element is arranged on one of X and Y axes and a light 
receiving element is arranged on the other so as to 
detect a light interrupting position. 

The above-mentioned tablet detecting systems 
have the following disadvantages. 

(1) In the electromagnetic induction system, rel- 
ath^ely high resolution can be obtained, but power 
consumption is large and the weight of a display 
unit is heavy and the display unit tends to be in- 
fluenced by a magnetic field. 

(2) In the electromagnetic giving-receiving sys- 
tem, relath^ely high resolution can be obtained, 
but power consumption is large as a demerit 

(3) In the resistance pressure sensitive system, 
cost of the display unit is reduced in comparison 
with the other tablet detecting systems, but there 
is a problem about the uniformity of a resistance 
value and resolution Is bad and the sheets tend 
to be damaged so that durability of the display 
unit is bad. 

(4) In the electrostatic coupling system, relatively 
high resolution can be obtained, but it is difficult 
to set the pen 24 to be wireless and power con- 
sumption is relatively large. Further, the display 
unit tends to be influenced by static electricity. 

(5) In the acoustic system, the structure of a de- 
tecting circuit is complicated and the display unit 
tends to be influenced by a circumferential envir- 
onment 

(6) In the optical system, resolution of the display 
unit is bad. 

As mentioned above, it is impossible to sufficient- 
ly provide a satisfactory display unit in each of the 
above-mentioned tablet detecting systems. Further, 
each of these tablet detecting systems is arranged in 
an upper or lower portion of a liquid crystal panel so 
that Inputting and displaying positions of characters, 
etc. are shifted from each other in accordance with a 
parallax. 

In accordance with the present invention, an in- 
put device as a pen can be set to be wireless and opt- 
ical waveguides in X-axis and Y-axis directions are 
formed on a substrate constituting a liquid crystal dis- 
play element to realize low power consumption and 
high resolution and provide preferable environmental 
adaptation. Further, a light receiving element for 
sensing a predetermined optica! signal is disposed in 
an end portion of each of the optical waveguides. An 
optical pen Is used as the Input devtoe and is con- 
structed by a light emitting element such as a laser, a 
light emitting diode (LED), etc. 

in Fig. 9, a silicon monocrystal substrate 30 and 
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a glass substrate 31 are opposed to each other and 
a liquid crystal 32 is sealed into a clearance between 
the sQicon monocrystal substrate 30 and the glass 
substrate 31. The silicon monocrystal substrate 30 
has a liquid crystal driver portion 33 and an unillustrat- 
ed active element as a picture element. The picture 
element is constructed by an electric circuit including 
a transistor and an electrode. The electric circuit Is 
formed below a picture element electrode as a picture 
element electrode portion 38 described later. A trans- 
parent electrode 37 is uniformly formed on the glass 
substrate 31. An active matrix driving operation of the 
liquid crystal is performed between the silicon mono- 
crystal substrate 30 and the glass substrate 31. 

The picture element electrode portion 38 is 
formed on the silicon monocrystal substrate 30 and 
is also used as a reflecting electrode. There is no pic- 
ture element between picture element electrode por- 
tions 38. An optical waveguide 36, an X(or Y)-sensor 
portion 34 and a Y(or X)-sensor portion 35 are formed 
In an X or Y direction between the picture element 
electrode portions 38. 

The optical waveguide is formed by using an in- 
organic ororganlc material. For example, the inorgan- 
ic material uses a laminated layer of Si02, Si3N4, 
GeOa, Ti02, etc., or an embedding structureof a glass 
fiber. The organic material uses polyimide, epoxy res- 
in, pdyurethane, PMMA, etc. 

An optical waveguide In the Y or X direction Is 
formed in the glass substrate 31 opposed to the sili- 
con monocrystal substrate 30 such that this optical 
waveguide crosses the optical waveguide of the sili- 
con monocrystal substrate 30 and is located in a sub- 
strate portion in which no picture element Is formed. 

The optical waveguide is formed from the inor- 
ganic material by using a chemical vapor deposition 
(CVD) method, a flame accumulating method, a sput- 
tering method, etc. In the case of the glass substrate, 
the optical waveguide can be formed by an ion ex- 
change method using heat and the application of an 
electric field. In a genera! method for manufacturing 
the optical waveguide, an inorganic salt including ions 
for doping of K, Ag. Ti, Cs. etc. Is melted. For example, 
these ions are exchanged for ions of Na and F in the 
glass substrate to form a high refractive index portion. 

The optical waveguide can be also formed by us- 
ing an embedding structure in which an optical fiber 
is embedded into a groove after the groove Is mech- 
anically or optically formed in each of the substrates. 

In the case of the organic material, the optical 
waveguide is formed by a spin coating method, a dip- 
ping method, a sol-gel processing method, etc. Fur- 
ther, to guide light, core and dad layers can be formed 
by orienting an electric field to brealc central symmet- 
ric properties of a polar molecule and a side chain po- 
lar group, thereby causing an optical nonlinear prop- 
erty. The core and clad layers can be also formed by 
using a change In refractive index caused by a differ- 



ence in orientation of the electric field. The optical wa- 
veguide can be also formed by another method using 
the formation of an LB film. The optical waveguide 

5 can be further formed by an organic crystal con- 
structed by using a solvent evaporation method and 
a melting method. 

A photosensor is formed in an end portion of each 
of the optical waveguides on the silicon substrate in 

10 the X and Y directions. An end portion of the optical 
waveguide formed on the glass substrate in the Y or 
X direction is recessed or projected to leak light onto 
the silicon substrate. The photosensor on the silicon 
substrate is formed in a position for receiving this 

IS \eake6 light. 

The display unit of an input integral type is oper- 
ated as follows. 

When an optical pen having a light emitting ele- 
ment such as a laser, an LED, etc. comes in contact 

20 with an upper substrate, a light component having an 
Incident angle In conformity with a light guiding con- 
dition with respect to light incident to a contact portion 
of the upper substrate is guided along an optical wa- 
veguide formed on the glass substrate and an optical 

25 waveguide formed on t he silicon su bstrate such that 
this optical waveguide is perpendicular to the optical 
waveguide on the glass substrate. Thus, X and Y co- 
ordinates of the contact portion are determined by a 
photosensor located in each of X and Y positions of 

30 end portions of the optical waveguides. 

In this case, one problem is to separate an optical 
output signal from circumferential light by the optical 
pen in consideration of an influence of the circumfer- 
ential lighL 

35 To solve this problem, a wavelength of light of the 
optical pen is separated from a dominant wavelength 
of the circumferential light and a light output of the 
optical pen attains turning-on and turn in g-off states in 
accordance with specified frequency and light Inten- 
se sity. Further, the optical output signal can be separat- 
ed from the circumferential light by sufficiently im- 
proving sensitivity of the photosensor to remove the 
influence of the circumferential lighL 

Fig. 10 shows one example of a basic structure 
45 of the optical pen using a laser. 

The basic structure includes a lens 50, a laser 51 , 
a voltage confrot section 52, a power source section 
53 and a switch 54. 

When the optical pen comes in contact with a liq- 
50 uid crystal panel, the switch 54 is turned on and light 
is emitted from the laser 51. This light is Incident to a 
liquid crystal layer portion of the liquid crystal panel 
such that this light is focused in this liquid crystal lay- 
er portion. Namely, light formed in the shape of a 
55 small point is incident to the liquid crystal panel so 
that the number of waveguides for guiding this light 
in X and Y directions is small. It is possible to mech- 
anically provide an additional function in which a focal 
point is defbcused and a light spot having a large di- 
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ameter is incident to tlie liquid crystal panel when the 
optical pen is strongly pushed. In this case, the nunfv 
ber of waveguides for guiding light in the X and Y di- 
rections is greater than that in the case of the above 5 
small point. 

Accordingly, in the input device of the present in- 
vention, it is possible to control the thickness of a 
character in accordance with a handwriting pressure 
although it is difficult to control this thickness in the io 
general input devtee. 

If a position of the optical pen can be detected, it 
is possible to realize a handwritten character recog- 
nizing device for recognizing a handwritten character 
in combination with a computer. is 

Fig. 11 is a block diagram showing an embodi- 
ment of the construction of this handwritten character 
recognizing device. 

As shown in Fig. 11, this handwritten character 
recognizing device has a display panel 60. A comput- 20 
er 62 Includes a character recognizing section 64 and 
a stroke data generating section 63. An optical pen 
position detecting section 61 detects a position of the 
optical pen on the display panel 60 on the basis of a 
signal transmitted firom the display panel 60 in accor- 25 
dance with light from the optical pen. The computer 
62 recognizes characters, figures, marks, etc, on the 
basis of detected position data and displays the rec- 
ognized characters, etc. on the display panel 60 
through a display control section 65. 30 

The optical pen position detecting section 61 , the 
computer 62, the stroke data generating section 63 
and the character recognizing section 64 can be inte- 
grated as a liquid crystal display (LCD). In particular, 
if a substrate is formed by using a silicon monocrystal, 35 
it is possible to provide a desirable display unit of an 
input integral type with high integration. 

in accordance with the present invention, the 
position of an optical pen can be detected by forming 
an optical waveguide within a display panel. Further, 40 
a handwritten character, etc. can be recognized by 
combining the display unit with a computer. When the 
display unit is thick in a general system for laminating 
a tablet panel with the display panel, the display unit 
becomes heavy and large power consumption is re- 45 
quired and a large error in position accuracy is caused 
in accordance with a parallax. However, no such 
problems are caused in the present invention. Fur- 
ther, since an input pen can be wirelessly construct- 
ed, an inputting operation of the pen can be simplified so 
and the size of a character can be selected by a hand- 
writing pressure. 

In the above embodiments of the present inven- 
tion, the optical waveguide is formed on the silicon 
monocrystal substrate and the glass substrate. How- 55 
ever, ail waveguides In X and Y directions can be 
formed on the silicon monocrystal substrate or the 
glass substrate. Further, the present invention can be 
applied to a display element constructed by a pair of 



glass substrates as a liquid crystal panel. Figs. 7a and 
7b and Figs. 8a and 8b show concrete examples of 
such structures. Reference numerals 70, 71, 72 and 
73 respectively designate a silicon or glass substrate, 
a silicon substrate and a glass substrate and an opt- 
ical waveguide. 

In Fig. 7a, optical waveguides 73 in X and Y di- 
rections are arranged on the silicon or glass substrate 
70 such that these optical waveguides 73 cross each 
other. The glass substrate 72 is disposed on the opt- 
ical waveguides 73. 

In Fig. 7b, optical waveguides 73 in X and Y di- 
rections are arranged on the glass substrate 72 
formed on a silicon substrate such that these optical 
waveguides 73 cross each other. 

In Fig. 8a, the glass substrate 72 is arranged on 
the silicon or glass substrate 70 and one optical wa- 
veguide 73 is arranged on one side of the glass sub- 
strate 72 facing the silicon or glass substrate 70. An- 
other optical waveguide 73 is arranged on the other 
side of the glass substrate 72 such that these opttoal 
waveguides 73 cross each other. 

In Fig. 8b, optical waveguides 73 are respectively 
arranged on two opposite glass substrates 72 such 
that these optical waveguides 73 cross each other. 

In view of a display driving method, the present 
invention in this embodiment can be applied to the 
above simple matrix driving method or the above ao 
tive matrix driving method. In particular, the present 
invention in this embodiment can be preferably ap- 
plied to the active matrix driving method in consider- 
ation of a display quality. 

Further, a liquid crystal driver, various kinds of 
memory circuits, various kinds of functional circuits of 
a photosensor, etc. can be Integrally formed with a 
transistor of a display picture element. Furthermore, 
another large scale integrated circuit (LSI) of a central 
processing unit (CPU), etc. can be easily formed with 
high integration. Accordingly, it Is desirable to partic- 
ularly apply the present invention to a liquid crystal 
display (LCD) of an active matrix type using a silicon 
monocrystal substrate. 

A switching element having an electrode struc- 
ture of a reflecting type can be formed by using a 
MOS semiconductor process with respect to the sili- 
con monocrystal substrate. Fig. 6 shows this elec- 
trode structure. 

In this electrode structure, a storage capacitor is 
formed between a silicon substrate 80 and a p-type 
silicon film 41 through an Insulating film. The storage 
capacitor Is disposed as a means for supporting the 
hold of electric charges implanted into a picture ele- 
ment between a writing period and the next writing 
period. 

A picture element electrode 42 Is also used as a 

reflecting film and is made of aluminum (Al). The pic- 
ture element electrode 42 is recessed and projected 
by coating an insulating layer 43 of SiNx below alumi- 
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